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WOLFER PROVISIONAL SUN-SPOT RELATIVE NUMBERS.* 

The provisional relative sun-spot numbers given in 
Table 1 herewith are in continuation of the observed 
relative and the smoothed relatire sun-s ot numbers 
published in the REVIEW for July, 1915, 4 8  314. 

While these rovisional numbers are subject to sliuht 

described in the REVIEW for April, 1902, 30: 171, they 
are sufficiently accurate to show that at bhe crest of the 
maximum of 1917 the relative sun-spot number was in 
excess of 100, which is unusually higb.-Il. H.  Ii. 

revision, and P ater will be smoot.hed by the metKod 

I-!---LL- ! . L L.. !. - 8 - -  ' 1 . I . _  

1 Net Zelt 1915 32. 1% 364.508 ani1 lW6. 33: r?. 
1 T&. mi. se i t  i o i t ~ , ' ~ :  126, k: -1:1 and other.?. * Replacing data ih this REVIEW, Se!ikmbsr 1in11 l'h=rwubcr. 1!41S, 46: pp. w:; :11i-1 X I .  

Bun-spot numbers are determined by a somewhat arbitiarv rille, but 
they are approximately proportioned to the spot.ted arc3 the sun. 
One hundred as a sun-spot number correa ionds t,o about. one fire- 
hiindredth of the sun's \bible disk covered t y  spots.-Nrl. 0.f. !%c., 
$3, Apr. %5,1918. 
In reporting on the sun spots observed in  the yvar 1918 Mr. Kvewhed. 

director of the Solar Physics Observatory, Koddkanal, remarks that 
the maxi~num spot activity of 1 he prevent cvcle t.ook I J ~ ~ W  diiring t.he 
second half of 1917 for both heruie heres.. This judgment may be 
accepted as correct, for though mue  te:esitat.iun has keen felt in accept- 
ing thia w l y  date lest a secondary masinlam should occur after a 
temporary decline, m has happpenpd in prt'rioiis c~clce, these circmu- 

stan.ceR do not Reem likely to occur. The date of the previous maxi- 
mum has been placed in the e a r l y z r t  of the year 1906, thou h the 
sunspot activity of that year waa i erior to that of 1905 and of 1907 
Adopting these estimates aa correct, the length of the period just 
ended ia slightly ahove t.he average.-Nat.ure (London), June 12, 
1919. p .  :?91. 

# 

THE WEATHER DATA NEEDED BY ECLIPSE EXPEDITIONS. 

In spite of the fact that sonie of the observing stations 
for the total eclipse of May 29,1919, were in the equatorial 
rain belt,, satisfactory results have been obtained. 

''In connection with the coming solar eclipse of Sep- 
teniber 30, 3925, the path of t,ot.nlit8y of which crosses 
Mesico, Prof. W. W. Campbcll .renews a suggestion which 
has been made by Prof. Todd and other tistronornei3, viz, 
t>hat weather ohservations shuiild he math along the 
1)ro~pective shadow path for a few yea.1.s before a total 
eclipse, not only at  the season of the year in which the 
eclipse is t,o occur, but also at  the hour of the eclipse. 
'fie observations made at  the regular terni-liours at  
meteorological stations often give an entirely erroneous 
idea of the k i d  of weatlier l ibly to be encountered at 
the tinie of an eclipse. Prof. Ciiinpbell says that thc data 
sup lied to prospective ohserrei.s of the Russinii eclipse 
of A ugust 21, 1914, were based on observations made iu 
thc morning and evening, mtl g:ive fair promise of clear 
skies for the ereiit. After the eclipse parties reached 
Jiussia they were surprised to discover that while clear 
.:.eather was the rule in the ereiiirigs md moriihigs and at 
night, cloudiness generally premiled in t.he niidclle of the 
day, reaching its niasimuni a t  ahout the eclipse how. The 
Lick 0l)servatory would not huve sent an eclipse espedi- 
t.ion t.o Itussis if this condition had heen hiom.  * * * 
- 4 1 . i .  A i ~ i w . ~  N w  Y n & ,  .J.Ic):u 91, 1.91.9, id. ezx, p. 649. 

LAND A N D  SEA BREEZES IN THE V K I N I T Y  OF CORPUS CHRISTI BAY, TEX.* 

By c!. E. HECKATHOKN. O h a m w .  

! l h i v d :  \VvatJlrr I3 i lnw1,  Corpia Christ.i, Tox.,  5lny 17, 191!1.] 

RI'N(1PKIS. 

Cu 11s Christi Bay is almoet a land-locked hotly 4 1 f  sstrr,  20 mile> 
wide7)rom ea& to west and 16 miles from north to mith ant1 14 feed 
deep. The result of these phvsical factors i g  that Corpiis Christi Usy 
is conaiderably warmer than the Gulf of Mexico, 'snd, at night, vcq  
much warmer than the adjacent land .?.reap. I t  is situated eouth of the 
paths of HIQHB and LOWB so that its temperature and winds are little 
affected thereby. With cluch striking differences in land. bay. and 
sea temperaturee it follom that the land and Rea hreezes present sn 
interesting study.--H. L. 

Corpus Christi Bay is an almost land-locked bod of 
water about 20 miles in length east and west by a i- out 
16 miles in width north and south and is far  enou h 
south (north latitude 27' 40' to 27" 56') so that t f e  

of the vicinity are not dominated 
and loa  pressure that cross the Vnited 

season (see fig. 1). It is sepa- 
of Mexico by Mustang Island, whic.11 

is auite narrow and is one of the chain of narrow- islands 
paralleling the Texas Coast. The bay has only two con- 
nections with the Gulf of Mexico, Corpus Chri$ti Pass at 
the south and hansas  Pass at the north end of Mustang 
Island. Both passes are quite narrow and Corpus 

feet; allowing Only Very lirmted m i n g  of the water 
n the bay With the water in the gulf. 

christi pass is having a depth Of less than For other reeent discussions of sea lmcres locsll on the coast of the United Ststrs 

1917 45: 345-346: andin"Certainchsrae~risti*loIthewinds'*t Mount Tarualpais,Collf,d 
see "Sea breeze on eastern Long Llmd by E Y.8lowea Monthly Weather Review 

Extending south-kby h. H. Wright, Ibld., 1916,~:  Q~.-EDITOR. 

ward from the east end of the bay is a lon narrow body 
of water, Lypna Madre, which has no ot  er connection 
with the Gul of Mexico escept at its sout.hern estremity, 
over one hundred miles south of Corpus Christi Bay. 
Laguna Madre is shallow, being less than 1 foot in depth 
in most places and only n few feet in dept-h in the deepest 
places. Extending northeastward from the northeas tern 
extremity of Corpus Christi Bay is Shoal l3a.y; a body of 
water similar to Laguna Madre. The Nueces River 
enters the western estremity of Corpus Christi Ray 
through Nueces Bay, which is also shallow;. permitt.in 
the water of the river to be affected by radiation so mucE 
before entering Corpus Christi Ba that it is near the 

Corpus Christi Bay. Corpus Christi Ray has an amraw 
dopth of about 14 feet a.iid is quite uniform in depk  
escept near the shores. 
In the summer season, owing to abiiost, unhiterru ted 

hisolation, ahnost coniplctc sqmration frou; t.he C'ru P f of 
3Iesir.o. and the relt~thcly high temperttturr of most of 
the wat.er enttwiig it., the water of ('orpus Christi Bay 
heconies much m-arnier thnn the water in the Ciiilf of 

temperature of the surrounding 9 and when it enters 

.. -_ . . . _. --. . _. _- ._ .... . - . .- . . 
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Mexico. During the daytime in the summer, the water 
of the bay is much wtrmer than the water of the Gulf, 
and a t  night the water of the bay is considerably wai-mer 
thm the water of the Gulf and very much warmer than 
the surrounding land surface. 

It. is evident that these differences of tem erature must, 

ltnd it  is greatly to be regret.ted that it has not been pos- 
sible to take sufficient tem erature readings t,o be able 

Tlie winds of the wost Tesas coast region, ascept wliei-1% 
influenced by local causes? are from the southeiist. nl~iiost 
contiuuously all slimmer. The land and sea brcrezas arc' 
tlie priiicipd C R I I B ~  of vsriat,ions in wind direction and 
velocity nnrl the winds along the coast are a combination 
of the prevailing sout>henst winds and the land and sen 
breezes, escept for the irregular changes causd by the 

in tshe int,ensity of heat owr t,he interior of the continent . 
-4s tlie .land antl sen breezes never have an o1,portunit.y 
to develop iiiclepeiident. of the revailing sout,lie:ist winds, 
t,lieir force (mi bc deteriiiine8 only bv their modifying 
infliiance on the prevailing winds. In clear wetibher, 

have considerable influence on the winds o P the vicinity, 

to sho10~. the estcnt of these i ifferences. 

passing of high and low pressure areas and the rari a t' 1011 

Fm. 1. -C.airpus Christ1 Bay, Tex. 

this modification of the winds is sufficiently great to per- 
mit of a fairly accurate estimate of the force and duration 
of t,hcae wintla. As the general o u t h e  of thc coast is 
iioiirlj- clue north mid south, the land breeze acts from 
ii(w1j- due west and thc sea brceze from nearly clue east 
cscrpt where influencd hy the local heitting of trli(F \der 
ill C'orpus Clirist,i Bay. Siiicc tlic sibs brccw :uid t Iic pw- 
vailiiig wind blow from so nearlq- t.'tie snnie dirtvtioi!, it is 
by iiic-ms of tho diffwcnccs iti tlw w1ocit.ic.s at  diRereiit 
I~CJUL's of t.hr day that blie force of tht? sc+i brecze can 1 x s t  
lw judged and by this means of judging, it would appear, 
t h t  under the best conditions of the atmosphere for 
insolation in midsummer, the sea breeze on the open 
cmst  has nearly as great force as the prevailing wind, 
which averages about 14 tfo 16 miles er hour. During 

thr sea breezes weaker, and dusuig the late sunmer both 
are weaker than in midsummer. The sea breezes dimin- 
ish "cry rapidly in force with conditions that, are not 
favorable for strong insolation. 

The force of the land breeze can best be judged by the 
modification of wind direction caused by the land breeze. 

the early sunmer, the prevailing wint Q s are stronger and 

The land breeze is much weaker than the sea breeze, as is 
shown by the fact that under the best conclitiom for 
radiation the wind in the early morning is a gentle breezc 
from soutli-soutliwest on the imnietlia,te coast and nearly 
ilrie south only a short ilistnnce to sea, indicating a forw 
somewhat inore thim half the force of the. prevailing 
winds. 

Co lis Christi, bebig near the middle of the we:r;tc!rii 
end o r Corpus Clwisti Bay, hits nearly the same tlirertions 
for lmd and sea breezc.; $is lime place, on tlie coast north 
:mcl south of the lmy: thrit is, nearly due east for seat 
breezes and nearly ~ l u c  writ for l a d  breezer, so that d i n t -  
ever influence the bay 'litis on liiiitl and sen 1)reeze;; must 
be notice:ible in (*liangcs in rclocitiw rather thnn in motli- 
ticatiow of tlic directions. 

On the coiwt north and south of C!oil)iie Christi Bay thr 
s e ~  breeze hec.omen iioticeable between 9 and 10 p.. .m. 
iinil is intlicnted by :i rapid rise in velocity and u shiftmg 
of  tnhe wind toward the east. At Corpus Christi the sei1 
breeze cloe-; not bec.ome noticeable until between 10 i y ~ t l  
I L 11,. in. alii1 is inilic.ntd l>y B grdual  sise in velocity aut1 
iiearly the saime shift in direction a.s is noticed on other 
pmts of the const. Along the soutlieim shore of the 1 ~ 1 ~  
the shift of tlie wind to the east is somewhnt more marked 
t.linn 1i.t C!i)rpu.i C!hrist.i antl on the north shore of the La?; 
little if :uiy shift, in clircrtoion i+ noticed~le? although the 
gratlunl ri.-v in d o c i t y  i.: csperienced. The latcr appear- 
iiiict? of the SCB lmczc  on the shore c i f  the bay is evidently 
cllie to  the fwt  tlint tlic lwy is so wnrm tlintit ta,kes from 
one t.o two lioiirs longcr iti t h  morning for, the lniirl to 
rcacli a tempcmtnre si.~fticieiit,Iy h i 4  t.0 t levelo a seti 
~)re?rze on t ~ i c :  1)tij- sliore t.h:ui 011 tlie Gulf sliore. 8 is also 
noticeable tlitit the wiii(I. tluiing the niitltlle of the (lay is 
cwiisicleriibly stro tiger along the Gulf shorc than along the 
shore.$ of tlic 1):i-y. At, C!orps C'hristi on days in which 
insolntion i.; strong t.lie mii.siniiiin wind velocity is rmc-heil 
usritilly nbo'rit 5 1). m., w1iir.h is probably soniewhn,t twlibr 
thrin tlic timo tsf niasiinitm wind owiirrence tit, points 
along the Gulf wwt .  

When the sen breeze becomes well est,ablishecI tdieri! is 
a veering of the wind to  nearly the snme clirectioii ais t.he 
prevailiug wind, due in part, t,o the geater d&c:t.ivt! 
effect of t.lie earth's r o t d o n  on the stronger I-Jrerze and 
in part. to the increased speed a1 the general wind during 
the hours of consicterable convectional activity. Thus, 
tmliere is no shif.t of the wind at  tmhe time of the dying out 
of the sea breeze, and the only way of clet8erndning the 
time of the encling of the sea breeze is by noting tqhe time 
when the reloci t.ies clecreme. The decrease iii velocity 
begins &bout 5 p. ni. R t. Corpus (2hrist.i. hut. the decrease3e, 
like the niorning increase in rrloc:ity, is gradual. 

The first, sign of t.he nppearruice of the lrtxid breeze at 
all points dong the const, is a slow shift.ino of the wind 
tnwunl t-lit. soat.li.  lie nest. indication is t L  forniing of 
hniall c:uiuulus clouds over t.he Gulf ti. few miles outside of 
the chnin of 1)ordc.ring islnntl:;. These clouds appear h t  
11 Jpositu C'orpus C!lirist.i 1 3 a ~  iind mi hour or so laber iiloiig 
t9 h e rest of the Gulf coast, indicating that, t.he,lantl breeze 
begins over the bay some time before it be ms ovw tho 

of tshe prevailing wind forced to rise and pass over the 
land breeze, or, in other words, niark the fart.hest, sen- 
ward limit of the land breeze. It is not,iceahle that, 
these cloucls are a t  about the same distance outside of 
the borderin islands on the whole coast line and that, 
they are fnrt, E er out t.0 sea in the morning than t.hey aw 
in t.he evening. These clouds soon become flattened on 
their t,ops, t.lius showing the well-known shallow dept,h 

Gulf. These clouds mark t,lie lace where t9 K ie prevailing 
winds are checked by t,he land I; ireeze and the surface air 
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Hours .___.......__ 

Directlon ..._...... 
Speed (m p. 8.1.. . 
- 
IIours ___.......... 

Directian _.._...... 
_ _ ~  

of the sea breeze and the elevation a t  which the upper 
ortions of the cloucls are carried forward toward. the 

End and dissipated by mixing of t,he cloudy air wit,li blic 
drier air at that elevation and the drier air rising from 
the ba . These clouds move slowly toward .the north 
all nigit. The off-shore clouds are always quite low, 
although they vary considerably in the e1evat.ion of ho t.h 
base and top on different nights. The base of blie 
clouds average in the neighborhood of YO0 feet in eleva- 
tion, which is somewhat higher than t,he theoretical 
elevation a t  which the moisture in the surfnce air s1io:ilcl 
become sufficiently cooled to condense and forni cloucls. 
On clear bright nights, when radiation is most effoctirc, 
the tops of the offshore clouds are nruch higher t,h:ui 
when radiation is not so effective, which, LEY ~v~ould he 
expected, indicates that the land breezes :ire niucli 
deeper on such nights than on nights when raclintioii is 
not so effective. The t o p  of these clouds me. 011 :in 
average, about 1,500 feet during Julv and -4ugi1st t i i d  
somewhat lower earlier ancl later in the seasoii. In tho 
morning, soon after the sun begins t,o wwni up the land 
surface, the offshore clouds begin to move t80w.xrd the 
land all alon the coast, escept oppositc ('orpus ('1irist.i 

what more rapidly toward t ie iiort,h for niorc than an 
hour after the clouds fnrtlicr north and sout,li hnm pwsctl 

P Bay. The o d shore cloutls o posite the btLy itiovo s0111e- 

! I 
1 h. 2h.  i 311. ' 4h .  5 h . / t i h .  ll. 

I 
I-- --I- 

S.13°E.S.Z20E.~S.10E.8.~0E.S.2ioE.'S.!WE.S.?ioE '4 W E .  
1.71 l . P  1.7 1.71 1.9 l . S ' l L ' - l . S  

' I -~--- 

I 
1.2 

9h. 10h. 11 h. 12h. 13h. 1 l 4 h .  15h. 1 1Gh. 

S.17°E.S.040E. NBG0E.N.13'E.N.7"W. N.12'W N.S~W.'N.IloW 
I- -_____ ---- 

inland. When the clouds opposit,e the ha reach a point, 
nearly opposite t,he northern essemity o 7 the bay, they 
t,urn sharply t.owarcl t,he nort,hweat and. move ra idly 
inlnncl.  lie wind at   orp pus Clwisti continues to glow 
froin t,he south-sout.hwest for more than an hour afber 
the clouds north and soubh of the hay have passed 
inland. 

About an hour ancl a half after sunrise the wind at 
<!orpus C'liris t i  reaches its iiiininiuni velocity, which is 
usually ti geiidle breeze from the south-southwest, but 
occnsiontallj- from the southwest! or west-southwest. 
Aft#er blie minimuni velocity is reached the wind gradually 
increases in velocity nnd shifts toward the sout'heast. 
..In hour :if t,er the ininiinum velocity has occurred t,he 
wind is i n  1 . 1 ~  soutlmist and is incrcasing rupidly in 
velocity. 

Chi  tlic wliole, it, a. ~poixrs that this shallow superheated 

1 breeze in the niorniiiga i~i id of 1itwt.eninu its end in tho 
ercning. as well as oi weskeiiing it.s Force while it is 
blowing, ?nit it roulcl nlso aplmir that the course traveled 
1)y tShe sen breeze is somewhat longer than it would be 
if bliere were no such body of wat,er bo affect, it. The lnncl 
lwecxes nro no cloub t lengthened in clurat'ion, both in the 
morning nnil iii t,he e cwiing, and their forcs is consider- 
:ibly prs:it8cv t.lian woiild he the C:~RCF if there wore no bay 

bay hiis the e!fwt o ! clelnying the nppearaiice of the seta 

1.Iw 

Y . S V & .  
4.3 

- 

LAND A N D  SEA BREEZES A T  RAYONNE, FRANCE. 
fiy 1,f. ROUCII. 

[Cornptrs Rcndus, Fvh. 10, 1!119, vol. lfiS, pp. :313;118.] 

(Trnnslation and nbstrmt.) 

1.5lW) 2.m 2.500 3,000 I 3,500 4,000 

2.7 '3.7 1.0 1- .I  1.8 3.5 

___ - __ .- - 
N . W E .  N.64"E. N.29-E. N.?5°\li.N.150W.N.3?oW 

From hourly observations of wind velocity and direc- 
tion made at the aviation center a t  Bityonnt! at, t,hc 
southerh end of the Bay of Biscay on clear clays or days 
on which the cloudiness did not exceed 4/10, the author 
brings out the following facts: 

1. Table 1, givin hour1 components of the wind, W'RS 
obtained by consifering d e  observed wind a t  any hour 
to be made up of two components-i. e., the incan wind 
for the season and the hourly wind. By taking one 
side of a parallelogram proportional to the mean wind 
and the other side proportional to the observed wind, 
the diagond gives the hourly wind. 

TABLE l.-Hourly wmponents of B e  wind at Bayonire, Franct.. 

Direction ..._...... N.1QmW N.22OW N.36OW S.80°W.K;~oW.S.8991r.8.600W. 8 . 4 4 O W .  
apeed(m.p .E. )...I 2.51  1.91 1 . 2 1  0.61 0 .21  0 . 4 1  0 . 5 ;  0.1; 

. . . . - . . . . . - 

2. The land breeze is well marked from midnight to 
10 a. m., and the sea breeze from 1 p. ni. to 7 11. ~ n . ,  with 
transition periods between. The land and sea breezes do 
not blow at right angles to the shore line but are incliiicd 
to it. 

l3ossl-lM 

3. Tho sen breeze is stronger than the land breeze, the 
speed of the former being 3 m. 1). s., while that of the 
latter is 1.0 ni. 1. s. 

4. No niarliec \ influence of high or low title was n,oted 
nor was the velocity of the sea breeze greater on a rising 
than on a fdling tide. 

6. Sounding-bdoon observations made on 3 1 clear 
days give iiieaiis a s  follows: 

TAnLE 2.-6:.30 a. ?I&. 

TABLF; 3.-1 p .  m. 
I 


